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-1- SUBSTITUTE SPECIFICATION 

[001] HYDROSTATIC MECHANICAL POWER-SPLIT TRANSMISSION 

[002] This application is a national stage completion of PCT/EP2004/01 4203 filed «• 

December 14. 2004 which claims priority from German Application Serial 
No. 10 2004 001929.0 filed January 14. 2004. 

[0031 FIELD OF THE INVENTION 

[004] According to the preamb l e of cla i m 1, the The invention relates to a 

hydrostatic, mechanical, power-split transmission for motor vehicles, especially 
agricultural commercial vehicles. 



4* 



[005] BACKGROUND OF THE INVENTION 

[006] Hydrostatic, mechanical, power-split transmissions are comprised of one 

continuously variable hydrostatic transmission having one adjustable volume and 
one constant volume unit, one summarizing transmission and one range-change 
transmission with several shiftable gears. The power introduced, via an input shaft 
splits, on one side to the hydrostatic transmission and, on the other, to an input 
shaft of the summarizing transmission. The rotational speeds and torques of the 
hydrostatic transmission and of the prime mover are jointly passed by the 
summarizing transmission. Different gears can be selected with the aid of gear 
clutches by the output shaft of the summarizing transmission being coupled via 
different spur gear steps with the output shaft. Compared with mechanical 
transmission, continuously variable transmissions have the advantage that it is 
possible to drive at optimal rotational speed of the motor with no traction 
interruption occurring when shifting. 

[007] DE 39 03 877 discloses a hydrostatic, mechanical, power-shift transmission 

consisting of a four-shaft gear, planetary transmission and parallel therewith 
a continuously variable hydrostatic transmission, the same as other gears. 
By shifting gear clutches, several gears are implemented in each of which the 
hydrostatic transmission effects a continuous adjustment of the ratios of the whole 
transmission. In case of synchronous rotational speeds, the change of gear is 
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effected load-free and without traction interruption. By virtue of the structure of the 
gear clutches and of the control provided, it is possible to activate a new gear and 
subsequently deactivate the old gear without any jolt during the shift operation. 
The reverse gear is implemented by its own gearset and a corresponding clutch 
adjustment, which is to be actuated, for activating the reverse gear. 

[008] From WO 97/01049 is known a power-split transmission provided with a 

mechanical and hydrostatic power branch disposed in a transmission housing. 
Both branches are operated, via a common input shaft, and summarized in a 
coupling gear. The coupling gear has several planetary gearsets and clutches and 
is connected with on output shaft. The coupling gear is situated upon the input 
shaft. The last planetary gearset of the coupling gear can be connected with a 
clutch for forward and reverse gears, said clutches being connectable with the 
output shaft. The operation change from forward to reverse gear and vice versa 
is effected via the interplay of the clutches. When stopped at zero rotational 
speed, both clutches are closed. Therefore, depending on the travel direction 
desired, the corresponding clutch has to be actuated first. 

[009] In WO 99/15813 are shown different embodiments of a hydrostatic, 

mechanical, power-split transmission in which at least the summarizing 
transmission and the clutches or also the hydrostatic transmission are situated co- 
axially relative to each other (in-line design). To adapt the traction needed, a 
group transmission can be provided having, for example, one field and one road 
group. The change between these groups, the same as between forward and 
reverse gear, is implemented by actuating a corresponding clutch. The shift to the 
other respective range is preferably effected after a defined dwelling time on the 
corresponding ratio point or within a delimited ratio range, i.e., during stoppage or 
constant speed. 

[010] Those transmissions, however, have a basic problem in common that the 

hydrostatic transmission is connected with a gear transmission, therefore, they no 
longer constitute a really continuously variable transmission. The shifting of 
clutches are needed for changing to different ranges, especially when changing 
from forward to reverse gear and vice versa. The actuation of clutch devices is 
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required, whereby a traction interruption and time delay result negatively impairing 
the traveling comfort. 

[011] Mainly in agricultural, commercial vehicles, the gear change operation 

between opposite travel directions acts negatively upon the driving properties, 
such as the efficiency degree when starting. At the starting point, high idle power 
can appear which can correspond to a multiplication of the input power. 
This negatively affects the dimensions and weight of the transmission. 

[012] The Applicant's DE 101 22 823 A1 discloses a power-split transmission 

having one hydrostatic part, one summarizing transmission and one range change 
transmission in which a purely hydrostatic transition driving range is provided for 
speeds between low reverse gear and low forward gear without a range transfer 
and without shifting of clutches, especially at zero speed and, attached thereto, a 
continuously variable hydrostatic, mechanical, speed range with power-split for 
high speeds. The hydrostatic transmission part, the summarizing transmission and 
the range change transmission are disposed co-axial with each other upon the 
intermediate shaft. 

[01 3] Thereby no range transfer is required when changing from low forward and 

reverse speeds so that in this speed range the shifting of clutches is eliminated., 
but the length has proved disadvantageous. 

[014] The problem on which this invention is based is, starting from said prior art, 

to provide a hydrostatic, mechanical, power-split transmission in which at zero 
speed, no clutches have to be shifted, a change of travel direction between 
forward and reverse is possible without delays, which has a good degree of 
efficiency and makes do with few speed ranges. Besides, the required length is 
to be considerably reduced compared to the prior art. 



[015] This problem is solved with the features of c l aim 1 . Other developments 

and advantages resu l t from the subc l a i ms. 

[016] SUMMARY OF THE INVENTION 

[017] A hydrostatic, mechanical, power-split transmission with continuously 

variable ratio is accordingly provided which has one hydrostatic part consisting of 
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a first hydrostatic unit with adjustable volume and a second hydrostatic unit with 
constant volume and a mechanical part comprising one summarizing transmission 
and one range change transmission in which the summarizing transmission and 
the range change transmission are disposed not co-axially, but axially staggered 
relative to the hydrostatic units. 

[018] From the inventive idea advantageously results a very short length. 

[019] The summarizing transmission is preferably designed as a three-step, 

planetary transmission and has no ring gears whereby the center distance 
between the crankshaft and the middle of the rear axle can be kept small. The 
range change transmission preferably has a four-step design. 

[020] According to the invention, the necessary gears, shafts and clutches are 

laid out so that equal parts result which can be used in several areas. 

[021] Both the summarizing planetary transmission and the four-step, range 

change transmission with the appertaining dog clutches can be pre-assembled in 
the rear transmission housing. Thereafter the front housing can be slipped over, 
via the pre-assembled unit and screwed to the rear housing. In addition, 
hydrostatic units, pressure and lubrication pump, pressure filters, magnetic valves 
and electronic systems can be pre-assembled in a module which can be 
assembled on a lateral aperture of the front transmission housing. 

[022] The inventive transmission has one purely hydrostatic, transition, drive 

range for speeds between low reverse speed and low forward speed without a 
range transfer and without shifting of clutch devices and attached thereto one 
continuously variable, hydrostatic, mechanical drive range with power-split for 
higher speeds. 

[023] BRIEF DESCRIPTION OF THE DRAWINGS 

[024] I l erebelow, t The invention is exp l ained in detail will now be described, 

by way of example^ with reference to the enc l osed Tigure accompanying drawings 
in which; 

[025] FIG. 1 is a diagrammatic representation of a preferred embodiment of an 

inventive transmission. 
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[026] DETAILED DESCRIPTION OF THE INVENTION «• 

[027] The general construction and operation of the hydrostatic, mechanical, 

power-split transmission are well known to the expert. Therefore, only the 
characteristics of the instant invention will be discussed here. 

[028] FIG. 1 shows an inventive hydrostatic, mechanical, power-split transmission 

having one hydrostatic part 1 and one mechanical part 2. It comprises one input 
shaft (crank-shaft) 3, one intermediate shaft 4, which forms the output of the 
hydrostatic part 1 and one output shaft 5. The input shaft 3 can be passed 
throughout the transmission and serve as PTO connection or power take off drive. 

[029] The hydrostatic transmission part 1 is formed by one hydrostatic unit A in 

the form of a constant motor and by a second hydrostatic unit B in the form of a 
variable pump preferably in "back to back" arrangement. Both units A and B are 
driven by the input shaft 3 via a spur gear pair 6. 

[030] The mechanical, transmission part 2 comprises a summarizing 

transmission, preferably designed as a three-step planetary transmission without 
ring gears. In the Figure, the three planetary steps are provided with the 
references P1, P2 and P3. The range change transmission contained in the 
mechanical transmission part 2 has four spur gear steps. As can be seen from the 
Figure, the summarizing transmission and the range change transmission are 
situated axially staggered relative to the hydrostatic units so that a specially 
compact design results. Clutch devices K1 , K2, K3, KR for the spur gear steps of 
the range change transmission are situated upon the output shaft 5; the clutch K1 
loosely connecting, via a spur gear step 9, the output shaft with a sun gear 8 of the 
third planetary set, the clutch K2 loosely connecting, via a spur gear step 14, 
the output shaft 5 with a sun gear 13 of the first planetary set P1; the clutch K2 
loosely connecting, via a spur gear step 15, the output shaft 5 with the planet 
carrier of the second planetary set P2, and the clutch KR loosely connecting, via 
an intermediate gear and spur gear step, the output shaft 5 with the planet carrier 
of the first planetary step P1 . 

[031] The inventive power-split transmission operates as follows: the vehicle is 

started purely hydrostatically in the transition range. The rotational speed of the 
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hydrostatic transmission part 1 is passed via two spur gear steps 7 and 9 to the 
output shaft 5, the clutch K1 is closed and forms the start and remains in gear over 
the whole range of the transition, drive range. By an adjustment of the variable 
pump B, the original rotational speed can be adjusted between negative and 
positive rotational speeds within the range. Thereby a speed range of about 
-5 km/h to +5 km/h can be covered. Advantageously, no gearshift is required in 
the transition from forward to reverse gear and vice versa. 
[032] For higher speeds, the hydrostatic transmission part 1 and the mechanical 

transmission part 2 are combined to form several power-split ranges. On one 
hand, the power is passed from the hydrostatic transmission part 1, via the 
intermediate shaft 4 and the spur gear step 7, to the sun gear 8 of the planetary 
step P3 and, on the other, via the input shaft directly to a sun gear 10 of the 
planetary step P2. According to the invention, the planets of the planet steps are 
constantly in gear directly or indirectly with each other; a planet 16 of the third 
planet step P3 is in gear with a planet 1 1 of the second planetary step P2 and the 
planet of the second planetary step P2 is connected with a planet 12 of the first 
planetary step P1. 

[033] The output for the first forward drive range results by shifting the clutch K2. 

The power is here transmitted from the sun gear 10 of the planetary step P2 to the 
output shaft 5 via the planets 1 1 of the second planetary step, the planets 1 2 of the 
first planetary step P1 , the sun gear 13 of the first planetary step P1 and one spur 
gear step 14. 

[034] In the second forward drive range, the clutch K2 is closed. The power is 

here transmitted from the sun gear 10 of the planetary step P2 to the output shaft 
via the planet carrier of the planetary step P2 and the spur gear step 15. 

[035] For the reverse gear, the clutch KR is closed; power is transmitted from the 

sun gear 10 of the planetary step P2 to the output shaft, via the planet carrier of 
the planetary step P1 and an intermediate gear. 

[036] This distribution of the total drive range into one purely hydrostatic transition 

range for low forward and reverse speeds and one power-slit drive range for high 
speeds, results in a shuttle fit transmission which makes a change of travel 
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direction possible without any delay and power interruption. The speed values for 
the drive ranges are approximately between 5 and 20 km/h for the reverse range, 
and between 13 and 50 km/h for the third range. It is possible to cover other 
speed ranges by changing the gear ratio of the spur gear steps. 
[037] Any structural design, especially any spatial arrangement of the planetary 

steps and of the shifting elements per se, the same as relative to each other and, 
insofar as technically significant, fall under the scope of protection of these claims 
without affecting the operation of the transmission, such as indicated in the claims, 
even if said designs are not explicitly shown in the Figure or in the description. 
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Reference numerals 

1 hydrostatic transmission part 

2 mechanical transmission part 

3 input shaft 

4 intermediate shaft 

5 output shaft 

6 spur gear step 

7 spur gear step 

8 sun gear 

9 spur gear step 

10 sun gear 

11 planet 

12 planet 

13 sun gear 



14 spur gear step 

15 spur gear step 

16 planet 

A hydrostatic unit, constant motor 
B hydrostatic unit, variable pump 

K1 clutch 

K2 clutch 

K3 clutch 

KR clutch 

P1 planetary step 

P2 planetary step 

P3 planetary step 



